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INTRODUCTION
Arterial vascularisation of the gastrointestinal tract is provided by the anterior branches of the abdominal aorta, i.e. the coeliac trunk (CT), the superior mesenteric artery (SMA) and the inferior mesenteric artery (IMA). The typical CT division in 3 branches (the socalled hepatogastrosplenic trunk) is constituted by the left gastric artery (LGA), the splenic artery (SA) and the common hepatic artery (CHA) (type I according to Michel's classification) occurring in 55-89% of the dissections and arteriograms performed over the last 50 years [4, 10, 17, 29] . Differences arising during several developmental stages in embryos lead to a range of variations in CT branching pattern [25] . The CT and hepatic arteries (HAs) anatomical variability is of paramount importance in patients undergoing hepatobiliary, pancreatic or liver transplantation [2] and in laparoscopic surgery, since bleeding from aberrant vessels may increase the risk of intraoperative complications [11] . The surgeon should always identify the presence of an anomalous HA before proceeding with pancreas resection [12] . Moreover, in radiological abdominal interventions and penetrating abdominal injuries the frequency of HAs iatrogenic injury increases in cases of variant anatomy (presence of ectopic and anastomotic branches). In clinical practice, unless the provided ischaemia when symptomatic, the HAs variability is usually a random intraoperative or interventional finding [11] .
The current brief communication aims to highlight a rare case of an anastomotic loop between the CHA and the gastroduodenal artery (GDA) in coexistence with an aberrant right hepatic artery (ARHA).
CASE REPORT
During educational dissection of the abdomen of a 66-year-old Greek male cadaver in anatomy lab, a rare anastomosis (in the form of an enlarged arterial loop) between the CHA (6.42 mm in diameter) and the GDA coexisted with an ARHA originating from the SMA. The CT gave off the CHA, the LGA and the SA. The LGA travelled superiorly supplying the distal oesophagus and then descended along the lesser curvature of the stomach. The SA located on the posterior surface of the body and tail of the pancreas supplying the spleen after giving off several pancreatic branches. The CHA coursed horizontally along the upper border of the head of the pancreas and then turned upwards to ascend in the lesser omentum. The CHA ended at the level of the GDA origin (7.98 mm in diameter) after which it continues as the left hepatic artery (LHA) (5.70 mm) to the porta hepatis, while no proper hepatic artery and right hepatic artery (RHA) existed. A thick anastomotic branch (4.84 mm in diameter and 19.25 mm in length) was observed between CHA and GDA. The large loop anastomosis had a similar diameter with the GDA before the anastomosis (4.82 mm), while after the anastomosis the GDA had a diameter of 6.63 mm. After the meticulous dissection of the portal triad and the lesser omentum, an ARHA (6.38 mm in diameter) was identified, originating from the SMA. The ARHA did not give off any branch to the adjacent organs; it followed a route posterior to the portal vein and the common bile duct, entering the liver and supplying the right hepatic segment. The right gastric artery (RGA) was hypoplastic and originated from the GDA (Figs. 1, 2) . The GDA coursed inferiorly between duodenum and pancreas, terminating into the right gastroepiploic and the superior (anterior and posterior) pancreaticoduodenal arteries. 
DISCUSSION
The hepatic arterial supply is derived from the CT in 55% of the subjects [16] . In a variable incidence ranging from 4.5% [10] to 45% [24] , the CHA, the RHA or LHA may arise from other vessels than the CT and are characterised as aberrant HAs (AHAs). Recognition of the atypical HAs and understanding of the embryologic background of the liver would help surgeons to avoid serious complications (like hepatic infarction after ligation of an AHA) when perform hepatic resection [2] , pancreatoduodenectomy and lymphadenectomy around CT and mesenteric arteries [11, 12] . An AHA may also pose technical difficulties for infusion therapy and transarterial chemoembolisation of neoplasms [14] . The incidence of CT and HAs variations increases with the presence of accessory renal arteries [28] .
Tandler [25] explained the CT and SMA morphogenesis hypothesizing that four primitive splanchnic arteries originate from the dorsal aorta in foetuses and these arteries are connected to the ventral longitudinal anastomoses. During development, the primitive arteries are converged into the CT, SMA and IMA and the longitudinal anastomoses (between CT-SMA and SMA-IMA) disappear. The hepatic arterial supply in early gestation life derives from the LHA (LGA origin), from the CHA from (CT origin) and the RHA (SMA origin) [3] . With further development, blood supply assumes the adult pattern (in 67% of the individuals) [18] and after the atrophy of both right and left HAs, the CHA becomes the unique supply of the liver. The persistence and/or abnormal regression of parts of this primitive arterial system account for numerous CT and HAs alterations. A handicap of the great variability of HAs is the increase of vascular lesions development in hepatobiliary and pancreatic area. Few years earlier, the presence of AHAs could be a contraindication for surgery [10] . Nowadays, the AHAs can be easily manipulated and oncologic surgery of the pancreatic head is feasible in the presence of variant HAs [12] . Concerning surgery planning, variant HAs are technically demanding, as they lead to a more conservative pancreas resection, leading to an inadequate tumour removal [31] . By contrast, a more aggressive surgery based on preservation of the anomalous HAs may increase the operating time, the risk for greater blood loss and the postoperative morbidity. Thus, intervening surgeon must evaluate advantages and disadvantages of each technique and take the final decision after having thoroughly studied the detailed HAs anatomy, i.e. location, branching pattern and possible anastomoses. Moreover, the HAs identification will help to avoid serious ischaemic complications in liver transplantations.
In the majority of individuals (86%) [30] , as in our case, the CHA takes origin from the CT. The commonest variant is the CHA absence (12%) [29] . Alternatively, the CHA may arise from the SMA (2-4.5%) [5, 18, 26] , the aorta (1.1%), the LGA (0.54%), or even rarer sources [30] . Accidental ligation of the CHA will result in hepatic ischaemia and necrosis and will jeopardize the duodenum. With the increasing use of multidetector computed tomography scan in combination with selective angiography before pancreatic surgery, the accurate knowledge of the HAs and computed tomography anatomy assumes significance. Moreover, the demonstration of the three-dimensional (3D) features of these vessels in relation to the adjacent organs is of unique significance.
The typical RHA may arise from the proper hepatic artery in an incidence ranging from 65% [1] to 86.6% [19] or from the CHA in 20% [1] . Other variations occur in 6-18%, as either an ARHA from the SMA (6-11%) [4-6, 10, 17, 29] or as an accessory RHA (2 nd RHA presence) (2-8%) [4, 6, 10] . In case of CHA absence, the ARHA or accessory RHA may originate from the SMA (3.5-17%) [1, 9, 24] or the aorta. In our case, no proper HA existed and the ARHA originated from the SMA. Michels [16] reported an ARHA originated from the SMA in 12.5%, the CT in 3%, the aorta in 2% and the LGA in 0.5%. Perez-Saborido et al. [21] mentioned the highest incidence of 38.2-38.7% for an ARHA with a SMA origin among liver donors and recipients in a total 325 liver transplantations. The atypical RHA may have an unpredictable course, but it is always related to the head and neck of the pancreas. There have been reports of such vessels coursing behind or through the pancreatic head, in which the ARHAs are susceptible to damage. In our case, the ARHA coursed lateral and behind the portal vein and entered the hepatoduodenal ligament posterolateral to the common hepatic duct, as mentioned by Michels [18] and Woodburne and Russel [33] . The ARHA injury affects the liver and specifically the bile duct vascularity with the attendant risk of a leak in the bilioenteric anastomosis [27] . The ARHA may have unusual relations in the right free border of the lesser omentum and present hazards while performing cholecystectomy [19] . An ARHA originated from the SMA has high chances of being encompassed by cephalo-pancreatic tumours [12] . During surgery, the presence of such types of the ARHAs may involve longer operative time and consequently increase the postoperative morbidity and mortality due to the vessels injury. From the clinical point of view, an ARHA originated from the SMA may not cause problems, unless the SMA is compromised due to occlusion. Thus liver may become necrotic along with the gut. Preoperative detection of the ARHAs is essential in liver transplantations. Several authors [20, 22, 32] suggested that an ARHA is a beneficial variant in the right liver living donors. The common postoperative complication in liver transplantation is HA thrombosis due to the shorter and thinner HA graft. But the ARHA in right lobe liver donor provides a longer and a larger graft, so the chance of HA thrombosis is less in them [15] . The ARHA in liver transplant recipient increases risk of HA complications after transplantation due to the small calibre of the CHA [11] .
The LHA usually originates from the proper HA in 71.6% [1, 8] or from the CHA in 16% [1, 23] , as in our case. In 25-30%, the LHA originated from the LGA [18, 30] , as an aberrant LHA [7] . In cases where the LHA arises from the right side of the SMA or the GDA, it presents a problem in pancreatic surgery. The LHA may also emanate from the SA in 1.7% [1] or from the aorta, or from the CT in 10% [1] in cases of CHA absence [7, 13] .
The normal GDA originated from the CHA in 75% of the specimens [5, 16] , as in our case. Variations in its origin are commonly due to the CHA variants. As such, it may also arise from an aberrant CHA (off the SMA), from an ARHA, or the LHA [29] or the CT in 0.3% of the cases [4] .
The RGA may originate from the CHA or the proper HA or the LHA in 40% of the cases [5] and collateralises along the lesser curvature with the LGA. More rarely the RGA may originate from the RHA (11%) of from the GDA (8%) [16] , as in the current case.
CONCLUSIONS
An ARHA originating from the SMA coexisted with an anastomotic loop between the CHA and the GDA arising as the last branch of the CHA. No proper and right hepatic artery existed. The RHA is subject to anatomical variations in its origin and course. Our case report highlights these variations emphasizing that a thorough knowledge of the anatomy of the RHA and its variations in origin and course is mandatory for surgeons and radiologists in performing hepatic surgery and hepatic arteriography to avoid surgical injuries in the liver during surgical manipulations and further medicolegal implications.
